Defense Science Board, OUSD(A) 
The Pentagon, Room 3D1020 
Washington. D C. 20301-3140 


f ' f . ■■ •fi^'^^i' jt>j. . ' .•- 


1$ 


^ - 


, , ... 



1 f V • ( 



i 



^4 


^ n / r 



^^^^ ' 

If 


^1 


in 



1^1$ d^ument Nas B^ii^ 


7 TT ^ 



OFFICE OF THE SECRETARY OF DEFENSE 
WASHINGTON. D.C. 20301 


9 FEB 1987 


MEMORANDUM FOR THE SECRETARY OF DEFENSE 

THROUGH: UNDER SECRETARY OF DEFENSE FOR ACQUISITION 

SUBJECT: Report of the Defense Science Board Task Force on 
"Semiconductor Dependency" — ACTION MEMORANDUM 


I am pleased to forward the final report of the Defense 
Science Board (DSB) Task Force on "Semiconductor Dependency," 
prepared under the chairmanship of Mr. Norman R. Augustine. The 
study addresses the impact of dependency of the U.S. military on 
foreign sources for semiconductor devices. All of our advanced 
military systems make use of such devices. Our remarkable 
technology achievements in semiconductor devices account , in 
large measure, for the superior performance of all our advanced 
systems. The report concludes that, while our current 
dependency on foreign sources is modest today, semiconductor 
manufacturing trends indicate that we will become highly 
dependent in the future if immediate actions are not taken. The 
most significant finding of the Task Force is that U.S. 
technology leadership in this critical area is rapidly eroding 
and that this has serious implications for the nation's economy 
and immediate and predictable consequences for the Defense 
Department. The report further concludes that action must be 
taken to: 

a. Retain a domestic strategic production base. 

b. Maintain a strong base of expertise in the technologies 
of device and circuit design, fabrication, materials refinement 
and preparation, and production equipment. 

Specific recommendations are made by the Task Force to 
address these critical areas. The recommendations call for 
cooperative government, industry, and university actions. 
Because of the time-sensitive nature of this problem, immediate 
action is recommended. 

In summary, this DSB report focuses on a critical national 

problem that at some time in the future may be looked upon in 

retrospect as a turning point in the history of our nation. The 

implications of the loss of semiconductor technology and 
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manufacturing expertise, for our country in general and our 
national security in particular, are awesome indeed. 

The report represents the unanimous views of the Task Force 
members. In addition, some of the members concluded that a "Buv 
American policy in semiconductors would also have an important 
and useful impact; others disagreed. I believe the issue 
warrants further exploration and have included it in the 
attached memorandum for your consideration. 

Regardless of what caused our current predicament, the 
resulting problem is critical not only to DoD but to the nation 
The DoD cannot solve the problem alon^ but can take some 
iational^ffort"^ itself, and take the lead in pushing for a 

I strongly recommend that you read Mr. Augustine's 
transmittal letter, review the Executive Summary, and sign the 

M^ho^f'^/^'"?''^"?""'- to raise this issul at the 

highest levels of our government as one of critical national 
importance • 



Attachments 

1 . Memorandum 

2. Transmittal Letter 

3. Executive Summary 
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Mr. Charles A. Fowler 
Chai rman 

Defense Science Board 

Office of the Secretary of Defense 

The Pentagon 

Washington, D.C. 20301-3140 


Submitted herewith is the final report of the Defense Science 
Board Task Force on Semiconductor Dependency. The report is the 
result of an approximately 10-month effort during which the Task Force 
interrogated some 50 expert witnesses, surveyed the existing litera- 
ture on the subject, and solicited via the Federal Register comments 
from all interested parties. 

The Task Force concludes that procurement by the Department of 
Defense is a relatively insignificant factor to the semiconductor 
industry; but, in contrast, the existence of a healthy U.S. semicon- 
ductor industry is critical to the national defense. Because of this 
asymmetry, the Task Force believes that it is imperative for the 
Department of Defense to take action to assure the long-term viability 
of a U.S. semiconductor industry which can at least meet critical 
defense needs. Semiconductors today represent the most highly lever- 
aged and most ubiquitous element for assuring the technological 
superiority of the United States' military forces. 

It is widely recognized that the manufacturing capacity of the 
U.S. semiconductor industry is being lost to foreign competitors, 
principally Japan. It is less widely recognized, but of even greater 
long-term concern, that technological leadership is also being lost. 

It would be relatively easy to blame these ominous happenings on 
various forms of inappropriate behavior of foreign competitors. This 
would, however, be a gross oversimplification. For a multitude of 
reasons, the U.S. has not positioned itself to compete effectively in 
the world semiconductor market. The consequences of this fact are now 
being suffered. 

Although the implications of these trends on the nation's economy 
as it enters the information age are serious indeed, the consequences 
for the Department of Defense are more immediate and predictable. 
Certain actions can nonetheless be taken which may enable the U S 
semiconductor industry to re-establish itself as a viable world 
competitor and a source of state-of-the-art semiconductors for defense 
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needs. The most important of these actions is for the Department of 
llllil' t?nnM'°"'^^' and actively support with contract funding (approxi- 
mately $200M per year) the establishment of a U.S. Semiconductor 

¥he ournn'.I"?.f':Hr*"^ ^^"'^ ^ Consortium of U.S. mSa??2r ? 
The purpose of this private consortium is to perform generic manufactur- 
ing process development for very advanced semiconductor devices and to 
hPnSm fh2".?f -"^ materials research and development which will 

aZrl^ ^nH^n.^Hon?!^^."'*^'".^"^"'*'^'^ Contributions to our economy in 
general and national defense in particular. The fact that this invest- 

S's mP^rrh'lni-^Jr^r'H* ^enef i t the commercial competitiveness of 

hAiH^nn n ^ semiconductor firms would be an unfortunate basis for with- 
^?lwI3^c y^^'^^^a^ support of these recommendations which are 

fir nd? idual ll'J ^^"-P^y "° possible 

Tor individual U.S. semiconductor firms to compete indeoendentlv aaain^i- 

iSI "tS tons'^MjrUr industrial.' go^eSaVand^JL'^ 

12?al'eJj??Ltnt^\toad'."''^'^' '^"^3" ^^"^^^^^ 

r.ncJ^! individual members of the Defense Science Board Task Force 
consider the nation's growing dependency on foreign sources for vital 

maUe?;'t'hlv\.v':^^^^^^^ technology 'to be among 'the most se o 

^h5*n' occasion to address in their various associa- 

^^P^r^^e^t of Defense. Further, there exists a consider- 
tpihnnVr- "[Sency because of the rate at which market position and 
technological capability are deteriorating in this rapidly chang^Sg 

The members of the Task Force stand ready to assist in the 
implementation of the recommendations. 

Sincerely. 


Norman R. Augustine 

/Ijc 
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EXECUTIVE SUMMARY 


KO INTRODUCTION 

U.S. Defense strategy relies upon technologically superior weapons 
to overcome the numerical advantage of our adversaries. Our capability 
to field technologically superior weapons may soon, however, be danger- 
ously diminished. 

The superiority of U.S. defense systems of all types is directly 
dependent upon superior electronics, a force multiplier which not only 
enhances the performance of the weapons themselves, but also maximizes 
the efficiency of their application through sophisticated intelligence 
and command and control systems. Electronics technology is therefore the 
foundation upon which much of our defense strategy and capabilities are 
built. The United States has historically been the technological leader 
in electronics. However, superiority in the application of innovation no 
longer exists and the relative stature of our technology base in this 
area is steadily deteriorating. 

As evidenced by market share and the perception of the technical and 
financial communities, the United States' semiconductor device and 
related "upstream" industries, such as those that supply silicon mater- 
ials or processing equipment, are losing the commercial and technical 
leadership they have historically held in important aspects of process 
technology and manufacturing, as well as product design and innovation. 
The U.S. semiconductor industry may very soon, in fact, be competitive 
only in very small, "specialty" segments of the overall market. This 
situation has arisen partly because of loss, in some areas, of technolog- 
ical leadership, resulting in an inability to compete with high-quality 
products in commodity markets. 

The following reasoning, reflecting the considered judgments of the 
Task Force, suggests that a direct threat to the technological superior- 
ity deemed essential to U.S. defense systems exists: 

0 U.S. military forces depend heavily on technological 
superiority tQ win. 

0 Electronics is the technology that can be leveraged most 
highly. 

0 Semiconductors are the key to leadership in electronics. 

0 Competitive , high-volume production is the key to 
leadership in semiconductors. 


0 High-volume production is supported by the commercial 
market. 


0 Leadership in commercial volume production is being lost 
by the U.S. semiconductor industry. 


0 Semiconductor technology leadership, which in this field 
is closely coupled to manufacturing leadership, will 
soon reside abroad . 

0 U.S- Defense will soon depend on foreign sources for 
state-of-the-art technology in semiconductors. The Task 
Force views this as an unacceptable situation. 

This report amplifies the above argument, assesses the current 
status of the U.S. semiconductor industry, and identifies causes of its 
loss of technological leadership. To minimize the harmful effects on 
national security that are threatened by this loss, a joint Department of 
Defense/Industry initiative, comprising research, educational , produc- 
tion, and administrative elements to address the most pressing needs in 
semiconductor technology, is proposed. 

2.0 FINDINGS 

2.1 The extent of the dependence of defense systems that are now in 
the field on foreign semiconductors is difficult to determine, but 
evidence indicates that in the newest systems about to be deployed a 
significant fraction of chips used ~ up to several tens of percent — 
are either entirely made, or packaged and tested, abroad. If steps are 
not now taken to assure the availability of domestic sources or stock- 
piles, or both, the U.S. could be denied timely access to these militar- 
ily critical devices in wartime or, as will be shown, forced to rely upon 
technologically and operationally inferior alternatives. 

2.2 Dynamic random access memories (DRAMs) are the most challenging 
semiconductor chips to manufacture competitively, and their development 
establishes the pace for progress in semiconductor technology. It is 
this chip which largely establishes the cost trends for the semiconductor 
industry, and major reductions in price have been achieved over the years 
as displayed in the figure. 
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mth the exception of some production by captive manufacturers, ORAMs are 
now being produced primarily in Japan and, to a limited extent, in 
Korea. Many important kinds of devices, such as other types of memory, 
microprocessors, signal processors, and gate arrays, build upon DRAM 
technology, and the focus of their manufacture, is very likely to follow 
DRAMs. As the production base moves abroad, it is being accompanied by 
the related upstream supply industries, which include the semiconductor 
materials and manufacturing equipment industries. Downstream industries 
have also moved offshore at an accelerating pace. This group, including 
telecommunications and computers, has been estimated to represent a $500 
billion per year worldwide industry by the early 1990's and a $1 trillion 
industry in the year 2.000. 

2.3 The United States semiconductor industry arguably retains 
superiority in the design of integrated circuits, although the gap in 
this advantage is closing; and in the production of high-technology 
specialty chips which can be profitably sold in low volume. 

2.4 in the absence of a domestic mass-production revenue base 
needed' to preserve a viable domestic production equipment industry, the 
specialty producers themselves may become dependent on foreign suppliers 
for their materials, equipment and fabrication technology, and would then 
be at a disadvantage when under competitive assault by firms controlling 
the access to those resources. 

2.5 Substantial technological and production resources can be found 
within the captive segment of the U.S. semiconductor industry (firms 
which embed their semiconductor production in their own end-products), 
especially at AT&T and IBM. These firms depend, however, on the same 
materials and equipment industries used by the merchant segment, and the 
captive firms' product focus, determined by their internal device needs, 
may match only partially DoD needs. They have not been significant 
suppliers of devices to the defense prime contractor community. Further, 
as production and design capabilities move increasingly overseas, even 
these organizations may become dependent on overseas suppliers. 

2.6 Acquisition of specific devices or materials from foreign 
sources for defense applications is not a critical problem as long as the 
U.S. has the knowledge and resources to substitute domestic sources in a 
timely fashion should the supply of foreign products and technology be 
interrupted. However, this substitution is possible only if it can in 
fact be accomplished within the time available and does not impoverish 
U.S. capabilities in other important areas. 

2.7 Even more critical is the possible movement of electronic 
device and system capabilities to overseas locations from which the 
Soviet Union can readily access the technology. In that case, the U.S. 
could lose the considerable margin of advantage it holds over the 
U.S.S.R. in this critical area of technology ~ and upon which it relies 
to offset quantitative military disadvantages. 

2.8 In light of the conclusions above, continued availability to 
the Department of Defense of the most technologically advanced products 
will be dependent on the maintenance of a domestic leading edge 
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technology development and production base capable of timely supply of 
defense needs. This availability is by no means assured. Therefore, 
action must be taken to retain an adequate domestic production base to 
meet defense needs. 

2.9 In order to retain needed infrastructure for such "downstream" 
industries as those of computers and telecommunications, which supply DoD 
needs, action must be taken to maintain a strong base of expertise in the 
technologies of device and circuit design, fabrication, materials refine- 
ment and preparation, and production equipment. 

2.10 While semiconductor technology is essential to modern defense, 
DoD accounts for less than ten per cent of the world semiconductor market 
by sales dollars and about three percent by quantity. This asymmetry 
between the criticality of Department of Defense needs and the relatively 
small importance of DoD business to the industry implies that specific 
government action is justified (and needed) to support the government's 
own requirements. 

2.11 The Department of Defense currently requires extensive quali- 
fication and testing of the semiconductor devices it procures and pays a 
substantial premium for the procedures and accompanying documentation. 
By procuring the highest quality parts commercially available for selec- 
ted applications, as opposed to imposing militarized hardware specifica- 
tions, savings could be selectively derived. The use of this approach 
must obviously be tailored to the specific application including consid- 
eration of its operating environment. 

3.0 CURRENT STATUS OF THE INDUSTRY AND FUTURE TRENDS 

3.1 Market Shares 

Figure 2 summarizes market-share data for the worldwide merchant 
semiconductor industry. Data are included for DRAMs. the most important 
commodity product, as well as for other semiconductor devices. Since 
almost all Japanese semiconductor producers are vertically integrated 
firms which in addition sell devices to other companies, while few of the 
U.S. vertically integrated firms sell any (or many) devices to others, 
data is included only for merchant producers. This measure is of most 
relevance to the Department of Defense's circumstance. (A "merchant" 
supplier is one which, as opposed to a captive producer, sells integrated 
circuits for incorporation into the end-products of others.) 
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3.1.1 Status and Trends 

The U.S. share of the worldwide merchant semiconductor market has 
declined steadily over the past decade from nearly 60 percent in 1975 to 
less than 50 percent in 1985. Estimates for 1986 indicate a further 
decline to below 45 percent. Japan's share of the market over the same 
period has increased from 20 percent in 1975 to 40 percent in 1985 and is 
estimated at slightly over 45 percent in 1986» thereby surpassing the 
U.S. share for the first time. If captive as well as merchant producers 
are included in the data, the U.S. share has declined from 67 percent in 
1975 to 50 percent in 1986, while Japan's share has grown from 25 percent 
to 39 percent. In the critical area of DRAM production, the U.S. share 
has declined from near 100 percent to less than 5 percent for merchant 
producers. The rise in Japanese market share has been at the expense of 
both European producers and American merchant (i.e., semiconductor-chip- 
only) producers. Again, it is this latter group which supports most of 
the Department of Defense's needs. 

The U.S. merchant producers' share of the worldwide semiconductor 
market has decreased by almost twenty per cent over the last four years. 
The loss to American captives is primarily in non-commodity and proprie- 
tary products, while that to the Japanese is in the technologically 
pivotal commodity memory market and other growing commodity products. 
The threatened loss of the entire commodity semiconductor business by the 
U.S. merchant producers has put these companies at significant risk. The 
seriousness of this risk is evidenced by the fact that, as noted above, 
in slightly over a decade the U.S. share of the most advanced generation 
of DRAM has fallen from near 100 percent to less than 5 percent. 

3.1.2 Reasons for Market-Share Trends 

The loss in market share of U.S. firms is in fact attributable 
principally to their loss of the high-volume DRAM business. American 
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merchant producers are no longer able to develop and produce in the U.S. 
low-price, reliable DRAMs in a time scale necessary to achieve signifi- 
cant market penetration. Although actions by Japan, leading to early 
government support of semiconductor development and allegedly explicit 
and implicit trade barriers, including the use of restrictive exchanges 
of products among individual Japanese firms and "dumping," have contribu- 
ted to the growth of the industry in that country, changes in these 
policies by themselves will not solve the problems that beset the U.S. 
semiconductor industry. 

The major reason for t he relative inadequacy of technoloav develop - 
ment in the U.S. vis-a-vis that in Japan has been the difference in the 

industrial practices and structure of the two countries . Japanese 

companies have invested a larger fraction of sales in plant and equipment 
(approximately 35 percent vs. 20 percent) than the U.S. merchant 
companies every year from 1970 through 1985. Japanese industry has also, 
in percentage terms, consistently outspent U.S. industry in Research and 
Development (approximately 13 percent vs. 10 percent). In the U.S., as 
profits disappeared, so did research and development. In contrast, in 
the most recent semiconductor recession, Japanese firms increased 
research and development expenditures even at a time when it elected to 
cut back somewhat on capital improvements. It is important to note that 
the Japanese R&D investment has primarily been in technology development 
with a long-term payoff, while that which American firms call "R&D" (for 
tax purposes) is usually the design and development of new products 
intended to be placed on the market as soon as possible. Thus the "R&D" 
investment of the U.S. merchant firms may well provide little direct 
basis for long-term growth. 

A major reason underlying the success of the Japanese semiconductor 
effort is their effective combining of both competitive and cooperative 
R&D activities. For the development of basic technology, cooperative 
arrangements which avoid duplication are often employed, many of them 
under the coordinating leadership of Ministry of International Trade and 
Industry (MITI) or Nippon Telephone and Telegraph (NTT). In the applica- 
tion of the resulting technology to products, the companies compete 
fiercely. Even within a single company, competing parallel efforts are 
supported and the winning solution adopted. In contrast, in the U.S. 
less funding is available, and cooperative programs are only now 
beginning to appear. 

Differences between U.S. and Japanese economic practices which con- 
tribute to differences in investment practices include (among many other 
factors ranging from the cost of labor to currency exchange rate): 

1 . Industry Structure 

2. Cost of Capital 

3. Access to Capital 

4. Necessary profitability levels 

1. The semiconductor industry structure in Japan is fundamentally 
different from that in the U.S. Virtually all of the Japanese firms 
that sell semiconductor products are considerably larger than the 
U.S. merchant producers and are, besides, both vertically integrated 
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and horizontally diversified. It can be argued that vertical 
integration provides a stimulus for advanced product development as 
well as a justification for the support of internal manufacturing 
capability. The major Japanese companies, such as NEC, Hitachi, and 
Toshiba, can consume up to twenty percent of their own production, 
which contributes to internal economies of scale, guarantees a 
threshold use of facilities, and provides a testing ground for new 
designs and concepts. Importantly, it also provides a degree of 
staying power in periods of downturn in a given market sector. The 
U S captive firms do not have an equivalent in the U.S. since they 
do not sell their integrated circuits to other systems manufacturers 
and represent a much narrower spectrum of technology than the 
Japanese merchant/captive suppliers as a group. 

2 Cost of capital in the U.S. was considerably higher than in 
Japan for a period of several years in the early 1980' s. Indirect 
financial influences, including management readiness to borrow for 
capital expansion and R&D, stockholder perception of financial 
soundness, profitability required to meet interest payments, etc., 
have had important impacts. 

3. Access to Capital does not seem to have been a dominant 
concern for the managers of the U.S. merchant semiconductor firms, 
at least in their best years; for example, in the profitable years 
of 1983 and 1984 many merchant semiconductor producers retired 
considerable amounts of their long-term debt. 

4 The profitability as a proportion of sales of U.S. firms 
generally must be higher than that of Japanese firms if they are to 
survive because the U.S. firms must compete for capital in the open 
marketplace. Naturally, having a higher percentage of sales 
available for R&D and capital expansion, as is the case for Japanese 
producers, can lead to competitive advantages in the capital and 
R&D-intensive semiconductor industry. Evidence that Japanese R&D 
expenditures are primarily in the "long-term reward" category lies 
in the rapid development of processing technology pursued in that 
country at the expense of near-term new product designs. 

In the large Japanese companies, diversity allows capital expansion 
and R&D to proceed even in periods of recession. Within a diversified 
company the non-semiconductor businesses may cross-subsidize the semicon- 
ductor businesses. The capital markets in the U.S. perform, to some 
extent, this supporting role since in bad times money may be borrowed. 
The Japanese vs. American practice in accounting for repayment of such 
internal vs. external loans, and the effect of recourse to capital 
markets on company ownership and control (leading to a reluctance on the 
part of U.S. merchant company managers to seek outside funding even if 
they were able to do so) are also important in understanding the role of 
size and diversity in the growth of Japanese semiconductor producers. 

When technology moves as fast as it does in the semiconductor 
industry, the timeliness of introduction of a new technology is important 
in establishing and maintaining a competitive edge. A six-month lag can 
be decisive in a key market such as DRAM production. Japanese firms have 
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reached a point where they now are able and willing to introduce high- 
quality, reliable, device technology into the market faster than can U.S. 
firms. This can have important implications as vertically integrated 
Japanese firms with leading technology enter the market for end-use 
products which depend for their uniqueness on the availability of the 
most advanced semiconductors. The computer industry is but one example 
of such a sector. 

3.2 Technology Status and Trends 

Table I summarizes the current technical position of the U.S. semi- 
conductor industry relative to that of Japan, as well as predicted 
changes in this position based upon present trends. The U.S. appears to 
be "behind" Japan in more areas than those in which it is ahead, and is 
not gaining ground in technologies important to the future. U.S. 
producers are increasingly becoming incapable of producing the highest- 
technology products with sufficient quality in high volumes and with the 
timeliness required to achieve profitability by American capital -market 
standards. 


Table 1. 

STATUS AND TRENDS OF U.S. 
SEMICONDUCTOR TECHNOLOGY 
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3.2.1 Technology Summaries 

Japan exhibits a clear and increasing lead in most silicon product 
technologies, with the exception of design-intensive custom logic and 
microprocessors. In the latter products, and particularly in 32-bit 
microprocessors, however, the U.S. lead is being reduced by Japanese 
collaboration gains in design and, to a lesser extent, software exper- 
tise. In addition to pure technology levels, real as well as perceived 
differences in quality between U.S. and Japanese products have, since a 
comparison by a U.S. firm of the reliability of DRAMs in the late 1970' s, 
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accounted for differences in sales. Japanese firms have traditionally 
devoted greater priority to product quality than U.S. firms and this has 
had a substantive impact in the marketplace. Continuous efforts by U.S. 
merchants to improve their products since the initial study have produced 
considerable improvement in DRAMs, but equivocal results in other 
products. 

In nonsi 1 i con products . such as compound semiconductor optoelec- 
tronics and fast digital technologies, and particularly in optoelectronic 
integrated circuits, the U.S. also trails Japan. The U.S. currently 
maintains a lead in linear compound semiconductor IC technology, largely 
because of military interest in fast and radiation-hard circuits for 
satellite and radar applications. 

In most processing equipment s much of which may be used for either 
silicon or compound semiconductor production, U.S. technology is on a 
general level with Japan's, although Japan is pulling ahead in key areas 
as a result of large technology development programs applicable to device 
manufacture. The relative technological position of the U.S. and Japan, 
according to one study, are summarized in Table 1. 

3.2.2 Reasons for Technology Trends 

Much of the difference between the U.S. and Japan in current and 
predicted technology attainments may be explained by economic factors 
that affect the relative investment levels in the two countries. How- 
ever, cultural differences, which are reflected in employment and 
engineering practices, account for a part of the relative success of 
Japan not only in this, but in other high-technology areas. In the U.S., 
these differences are apparent in: 

1 . Lower productivity 

2. Demand for a higher wage base 

3. Occasional lower standards of quality 

4. An adversarial relationship among management, labor, academia 
and government 

5. Neglect of the technical marvpower base 

Further, engineering practice in Japan differs considerably from 
that in the U.S. and is related to the length and consistency of employ- 
ment of Japanese engineers. In Japan, many specific engineering tech- 
niques are learned in the company, where engineers can acquire a deep, 
but narrow, expertise. Company identification brings about an emphasis 
on quality of product, and engineers' experience is efficiently utilized 
through long-term employment. In addition, the perceived importance of 
mass production at all stages of the research, development, and design 
processes ensures efficient production of even the newest devices. 
Ironically, U.S. government procurement policies which have placed major 
emphasis on reducing cost have had the unintended effect of further 
stimulating U.S. suppliers to procure abroad. 
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strong Toml 'T*lSesr drn'strlr™ Vnd.fsV^- ^ P^^^^^'-te to a 
perform competitive serv ces and sen romn«H^" '"^^^^^ 

would have very profound ffiicIn^nrfn U^" n"*^ industries 
Further, the pervasiveness of tSp,*I°"iw^°r Department of Defense, 
economy implies that such damfnVnrJT^^^T ^"^ustries in a modern 
overall ^^ol.^c to the 

^•5 Effects on Himan ■iKin. Rp,oi,r^„, 

indusS? rare"exuts"?n t^al'^fi^'f"'^' 1° " ^"""'i^ 
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for th s industry but also for ''i''^'^ necessary not only 

ausiry. but also for new and perhaps not-yet-invented 
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industries related to it. These skills cannot be retained and developed 
in academia alone. 

4.0 RECOMMENDATIONS 

4.1 The U.S. will depend to a large degree upon foreign sources of 
microelectronics hardware and technology to meet its defense needs unless 
measures are taken to help this country recapture and retain leadership 
in semiconductor manufacturing technology. To do so, the Task Force 
recommends that the Department of Defense take the following specific 
actions: 

1 . Support the establishment of a Semiconductor Manufacturing 
Technology Institute which would develop, demonstrate, and advance the 
technology base for efficient, high-yield manufacture of advanced semi- 
conductor devices, and to provide facilities for production of selected 
devices for DoD needs. Such an institute could have an important impact 
not only on DoD but in the commercial market as well when member firms 
transfer technology to their own applications. The initial capitaliza- 
tion of the Institute by its industrial members would be on the order of 
$250 million, and support of approximately $200 million per year for five 
years would be provided by the Department of Defense. This is the 
principal and most crucial recommendation of the Task Force. 

a. The DoD should stimulate the industry to help itself 
through the above Institute by facilitating the forma- 
tion of an industry consortium. The stimulus could 
take the form of annual contracts for the development 
of selected production processes, equipment, mater- 
ials, and devices. The existence of this Institute 
would, in turn, satisfy certain DoD needs. 

b. A permanent Institute staff would be supplemented by 
committed personnel on loan for extended periods by 
the participating companies. The loaned staff would 
lead the transition of information and experience from 
the Institute to their own companies. 

c. The 64 megabit DRAM represents an appropriate technol- 
ogy upon which the Institute could focus Its efforts 
for the development of advanced manufacturing 
techniques. Focus needs to be placed on achieving 
quantum advancements, one of which would be to produce 
a means of adding competitive manufacturing capacity 
in smaller increments of output which would In turn be 
less demanding of investment capital. 

d. The consortium would work with the U.S. Semiconductor 
Manufacturing Equipment industry to develop and test 
new equipment in a production environment to confirm 
Its suitability for high volume production by a 
variety of producers. 


e. Emphasis would be placed on facilitating the transfer 
Of the advanced manufacturing process developed by the 
Institute into the manufacturing lines of its member 
organizations. 

f. In order to demonstrate high-volume low-cost manufac- 
turing capability, the consortium would be required to 
sell the advanced products it produces in limited 
numbers in the competitive market. 

g. Initial capitalization' may be made by direct invest- 
ment by the participating companies, by a low-interest 
government-backed loan, or a variety of other alterna- 
tive mechanisms. 

h. The Department of Defense would assign its own 
researchers to the facility staff and would have the 
right to a limited share of the production output to 
fill its own needs. 

i. Membership would be constrained to firms having 
beneficial ownership in the U.Si 

. 2. Establish at Eight Universitip.; Centers of Excellence for 
Semiconductor Science and Enalneenn^ built "ii^^urrTnt NSF DoD Sd 
commercial consortium programs, to devise, develop, and demonstrate nSw 
and innovative approaches to device design and manufacturing that loSer 
costs and improve performance and quality. Cost of this oroaram tn thl 
Department of Defense would be about $50 millioS per year. 

In addition to research and development, these centers 
would promote the training of highly qualified 
students who would become the foundation of a continu- 
ing excellence in semiconductor manufacturing exper- 

durtn?' m .f"oH?i? ^ .^^^ndiM for research and development in semicon - 
SSf^fP^^^^^' and manufacturing infrastn.rtnrp b7 ^^b^UTzs 

luunl ?n fh^p'f' "^^^ "^^^t of this increase will be $60 

million in the first year, growing to $250 million in the fourth year. 

The overall purpose of this program should be the 
development and demonstration of approaches to 
integrated circuit manufacture that lower cost and 
improve quality and performance. 

In addition, support of the Strategic Materials 
Initiative now being considered by the DoD is recom- 
mended. This focus on a broad range of materials 
opportunities is complementary to proposals made 
herein. 


4. Provide 
ment' s semi con 


Is. a source of discretionary f unds tQ the Defense Deoart - 
ductor suppliers to underpin a healthy industrial research 
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and development program. The cost of this activity should be about 
$50 million per year and should be restricted to work directly related to 
semiconductor needs of the Department of Defense. 

These funds would fill the same critical role for the 
semiconductor suppliers as does Independent Research 
and Development for the Department of Defense's prime 
contractors. 

5. Establish under the Department of Defense a Government/Industry/ 
University forum for semiconductors to provide a common meeting ground 
for assessment of the above program and to facilitate joint action on 
problems of semiconductor research, development, and production of speci- 
fic interest to national defense. Cost of this recommendation to DoD 
should be about $200 thousand per year, principally for administrative 
costs. 

This Forum should continually assess the state of the 
domesti c mi croel ectroni cs technol ogy base ; competi - 
tiveness of the U.S. semiconductor industry; education 
and research in related fields; and effectiveness of 
this and related government programs. 

Due to the national importance of the semiconductor industry's 
competitiveness to the nation's economy as a whole, it is recommended 
that an advisory group be established under OSTP, to include representa- 
tives from NASA, DoE, DoD, Departments of Commerce and Transportation, 
and other appropriate organizations, to formulate a comprehensive and 
coherent strategy for legislative, administrative, and management action 
to reverse the trend toward the export of semiconductor manufacturing and 
technology leadership. Representatives of industry and academia should 
be included either as full members or as advisors. Development of such a 
strategy would have broad implications since the semiconductor industry 
is the keystone of the growing information industry, which itself could 
be a keystone of the twenty-first century economy. 

The pace of advancement of semiconductor technology is such that an 
entire new generation of key devices is introduced every two to three 
years. The current position of the overall U.S. merchant semiconductor 
industry is concluded to be very tenuous in terms of present manufactur- 
ing capability. Steps to preserve its viability must be taken with 
dispatch. 
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FIGURE 1. 
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SECTION II. 
BRIEFING CHARTS 


FIGURE 2. 
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chal enges in design and function, but. because of ?he abundance in 
which they are utilized, place state-of-the-art demands on manu^^^^^^^^^ 
ing technology as well. DRAM's find widespread use i^ Jirtuallv an 
types of military and commercial electronic products ^'^^"^^^^ 
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FIGURE 3. 


Semiconductor chips are functional descendants of the vacuum tube and 
the transistor. Using modern manufacturing technology, it is possible 
to place on a single silicon chip the functional equivalents of mil- 
lions of vacuum tubes. By the end of the century, it may be possible 
to store a billion bits of information on a single chip. A "bit" is 
the smallest unit of information; a large book contains on the order 
of one mi 1 1 ion bits. 
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FIGURE 4. 


Semiconductor chips, or integrated circuits as they are more formally 
known, offer numerous advantages including small size, low cost, mini- 
mal power demand, high reliability, and very high speed. They have 
been referred to not inappropriately as the "industrial rice" or as 
"twenty-first century crude oil." 


-17- 


FIGURE 5. 


The rate of advancement in semiconductor technology has been such that 
a new generation (a factor of four increase in capacity) of Dynamic 
Random Access Memory chip has been introduced approximately every 
2-1/2 years. Each successive generation has required altogether new 
tooling throughout the industry, with the "hurdle cost" of such 
tooling increasing substantially as each new plateau is reached. To 
tool a modern, one megabit production line costs well in excess of 
$100 million to provide the minimum commercially viable output 
volume. This rapid pace of change is a fundamental underlying factor 
in both the commercial and military impact of semiconductors as well 
as the current health of the U.S. semiconductor industry. 
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FIGURE 6. 


For several years events have been unfolding which place the long-term 
health of the U.S. semiconductor industry in grave jeopardy. 
Principal among these is the competitive pressure which has emerged 
from Japan. In addition, Korea is a growing factor in the future 
marketplace and European producers are dropping further behind. Also, 
significant to the current study, which by charter focuses on national 
defense implications of the United States' domestic semiconductor 
capability, is the fact that the Soviet Union has only a minimal capa- 
bility to produce advanced semiconductor devices of its own. The 
state of the art for production integrated circuits in the Soviet 
Union is a chip capacity of 64K (sixty-four thousand bits) ... about 
five years behind the U.S. 
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FIGURE 7. 
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FIGURE 8. 


Because of the growing trend among U.S. semiconductor producers them- 
selves to establish factories in the Pacific rim which might not be 
available in time of military mobilization, to withdraw from the 
business altogether, or to be acquired by foreign firms, the Under 
Secretary of Defense for Research and Engineering requested that a 
Task Force of the Defense Science Board be established to assess the 
impact of these trends on national defense and to make appropriate 
recommendations stemming from the review. 
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FIGURE 9. 


A Defense Science Board Task Force was established in response to the 

t?"'Z t1J\' °^ R^se^'-^h a' d Engine r! 

ing The Task Force was comprised of 11 members of relatively diverse 
backgrounds, including the inventor of the integrated circuit I 1 

afe'of\^^irnnd ' 'r^^''^^^^'^^. "ot invoWed in the merchai 

sale of semiconductors. Biographical information on each member is 
contained in Section IV of this report. 'MKinuer is 
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FIGURE 10. 


Because of the critical importance of industrial factors to the 
subject addressed, an industrial advisory group was established to 
assist the Task Force in the collection of information. These 
advisors assisted in all facets of the study with the exception that 
the conclusions are those of the Task Force itself. Further biograph- 
ical background on each of the industrial advisors is included in 
Section IV of this report. 
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FIGURE 11. 


Technical support was provided throughout the study by individuals 
with the Institute for Defense Analyses and the National Science 
Foundation. Administrative support was provided by Palisades 
Institute for Research Services. 


FIGURE 12. 


The members of the Task Force and its Industry Advisors received over 
50 presentations during a period of some ten months- In addition, a 
number of separate meetings were held with individual experts to 
address specific factors affecting defense semiconductor dependency. 
Public inputs were solicited through the Federal Register and addi- 
tional briefings were conducted to hear the views of concerned obser- 
vers. It should be noted that many of these concerns fell outside the 
purview of this particular Task Force; however, may well be of 
considerable importance in their own right. One such example is the 
status of the magnetic storage industry which is said by some to 
parallel that of the semiconductor industry. 
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FIGURE 13. 


The oasic findings of the Task Force are summarized in the above 
chart In particular, it is noted that U.S.. military forces depend 
heavily upon technological leadership in order to deter and to win. 
A though many technologies make important military contributions 
electronics appears to be the most highly leveraged in terms of 
producing quantum operational gains.- Semiconductors, in turn, are 
clearly the leading edge of electronic progress - and volume produc- 
tion represents the key to leadership in semiconductor devices because 
of the need to drive down unit costs and to produce in the very large 
quantities needed to meet user demands. The commercial marketplace 
as opposed to defense needs, comprises the pacing factor insofar as 
semiconductor production is concerned. Leadership in commercial 
production is. however, being lost by the United States. Technology 
leadership IS also moving abroad because of its dependency on the 
volume production base provided by commercial pursuits, both for 
funding and for the development of process technology. Clearly, the 
Department of Defense has no inherent responsibility for the commer- 
cial viability of the U.S. semiconductor industry. Unfortunately, 
however, the Department of Defense is unlikely to be able to fulfill 
Its requirements, both in terms of hardware and technology, without a 
strong domestic semiconductor industry. Thus, DoD's self-interest is 
inextricably tied to the vitality of the U.S. semiconductor industrial 
base. 
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FIGURE 14. 


It is the principal finding of the Task Force that if current trends 
are permitted to persist, U.S. military forces within the next decade 
will be dependent upon foreign technology for the critical capabili- 
ties which underpin the nation's strategy for prevailing in case of 
military conflict. 

The remainder of this report addresses the individual factors 
enumerated above and concludes with an assessment of the causes and 
possible solutions to the dilemma which ensues. 
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FIGURE 15. 


U.S. military forces depend heavily on technological superiority to 
win. 
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FIGURE 16. 


In quantitative terms, Soviet military forces generally outnumber 
their U.S. counterparts. When viewed in terms of Warsaw Pact vs. NATO 
forces, the result is generally similar although the differences are 
somewhat lessened. For a number of years, the U.S. has stated that 
its policy for offsetting this numerical disadvantage is founded in 
large part upon maintaining technologically superior forces. 
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SEMICONDUCTOR TECHNOLOGY LEADERSHIP WILL SOON RESIDE ABROAD 


FIGURE 17. 


Electronics is 
mi 1 i tary terms . 


the technology that can be leveraged most highly 
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FIGURE 18. 


Although a number of technologies contribute in important ways to 
maintaimng the strength of modern military forces, it is probable 
that electronics technology is dominant among these as a discrimina- 
tor in combat capability. This is reflected by the fact that the 
electronics component of the defense budget has increased 
progressively until today it represents approximately 35 percent of 
the research, development and procurement funds allocated to the 
Department of Defense. The technological engine behind much of the 
overall electronics usage in defense systems is the semiconductor. 
The sections which follow illustrate examples of the importance of 
electronics to modern defense capabilities and. subsequently, the role 
of semiconductors in these electronics. Further examples are included 
in the "Supplemental Briefing Charts" section beginning at page 91 
herein. 
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IMPACT OF ELECTRONICS ON WARFARE 



EARLY WARNING 

^SSSS^iSSSS^ SATCUJTE EARLY WARNING 
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FIGURE 19. 


Many examples exist where quantum gains in military capability have 
been achieved by the application of modern electronics technolo^v 
For example the replacement of ground-based radar ballistic mi 
warning systems with satellite-borne sensors has more than doub d 
warning time and greatly expanded geographical coverage 
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FIGURE 20. 


The advent of lightweight but highly capable electronics has permitted 
the replacement of ground-based radar surveillance systems with 
airborne radars capable of monitoring over one million cubic miles of 
airspace from a single platform ... without the customary gaps left 
exposed to low altitude penetrators. 
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IMPiKCT OP ELECfROMCS ON WARFARE 
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FIGURE 21 
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FIGURE 22. 


Many other examples of the ubiquity of electronics in providing quan- 
tum advances in operational military capability can be cited. The 
advent of smart weapons is one particularly significant development 
which has been made possible by modern electronics technology, A 
force equipped with such ordnance can be shown to have the capability 
of a more conventionally equipped force of much greater size. 
Advances incorporated in the past few years enable autonomous tracking 
of targets and in some cases the achievement of delivery accuracies 
which enable selection of the specific location on a tactical target 
where a hit is to be produced. 
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IMPACT OF ELECTRONICS ON WARFARE 



MAINBAITLETANK 



Modern electronics technology has had a profound impact even on such 
traditional weapons systems as the battle tank. Recent advancements 
include the ability to fight at night using only passive sensors to 
shoot while moving, and to hit targets at extended ranges with 'the 
first round fired — thereby greatly, reducing exposure of friendly 
tanks. 
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FIGURE 24. 


The advent of solid state electronics has made feasible compact guid- 
ance systems which can withstand the 10,000 G environment associated 
with being fired from an artillery piece. In this instance, the oper- 
ational capability achieved is not simply an improvement over prior 
capabilities but instead affords an altogether new use of artillery — 
that is, to engage moving armored targets. It has been estimated that 
a single guided projectile engaging a moving tank will have about the 
same probability of hit as would some 2,500 unguided unitary rounds. 
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FIGURE 25. 
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FIGURE 26. 


Semiconductors are the key to leadership in electronics. 
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FIGURE 27. 


I^L/.TT" of. figures which follows illustrates the ubiquity of 

.n h?? fv^°-n''l"l ^'^^"9 tt^^ advancements in military 

apability illustrated in the preceding examples. Of profound 

importance IS the fact that semiconductors are in essence becoming 

iTrZr, ' themselves - critical to modern Jmlry 
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FIGURE 31. 




FIGURE 35. 


The key to the widespread usage of integrated circuits is the ability 
to manufacture them in large quantities at very low cost. That is, 
manufacturing technology underlies the viability of most applications 
of semiconductor devices. This pressure has resulted in substantive 
improvements in production technology including a reduction in the 
last decade alone of about a factor of 100 in the price to store a 
single bit. For U.S. semiconductor manufacturers, and particularly 
those in the merchant market (i.e., providing chips for incorpora- 
tion into end-items by others), manufacturing provides the "engine" 
which creates the income necessary to pursue ever advancing technology 
and to introduce successive generations of products. Manufacturing 
confronts the key technology issue of producing ever smaller feature 
sizes on a chip... with dimensions being approached of less than a 
micron. 
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FIGURE 36. 


Major demands for capital are imposed on the semiconductor industry 
since new production lines must be established every few years as 
successive generations of products are introduced. At the present 
time, the Japanese semiconductor industry is expending about twice the 
fraction of sales on new plant investment as is the practice among 
U.S. firms. This problem is exacerbated as the Japanese share of the 
total world market also increases ... such that today total expendi- 
tures by Japan for semiconductor plant and equipment exceed those of 
the U.S. by about 100 percent. It is a fundamental property of the 
industry that fixed costs are very large as compared with variable 
costs — thus underlying many of the extraordinary pricing policies 
observed in the marketplace. 


FIGURE 37. 


Modern semiconductor production lines are highly automated and ent 
relatively limited human involvement -- both to assure consistency 
quality as well as to support high volume, low cost output. 
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FIGURE 39. 


A major asymmetry exists in the interdependency between national 
defense needs and the needs of the semiconductor industry. In the 
1960's, the military was a dominant procurer of semiconductors in the 
United States. Today the U.S. military acquires less than ten percent 
of the output of the merchant semiconductor industry. Thus» although 
semiconductors are of enormous importance to the Defense Department, 
the Defense Department is not today of enormous importance to the 
semiconductor industry. This is a fundamental factor underlying the 
recommendations which will follow. 


-49- 



FIGURE 40. 


Leadership in commercial volume production is being lost by the U.S. 
semiconductor industry. 
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FIGURE 41 . 


U.S. firms, which generally dominated the semiconductor market as 
recently as in 1975, today suffer continuing deterioration in market 
position. Semiconductor firms can generally be categorized into two 
groups: 1) "merchant" manufacturers (which provide integrated circuits 
for incorporation into the products of others), and 2) "captive" 
producers (such as IBM and AT&T which produce principally for their 
own end-use products). Defense Department prime contractors are 
generally dependent upon the merchant industry for the semiconductors 
which are incorporated into the systems they produce. The ranking 
shown in the figure for 1985 is based upon industry estimates. As 
recently as 1985, U.S. firms held the number 2, 3, 8 and 9 positions. 
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FIGURE 42. 
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FIGURE 43. 


The overall U.S. trade balance in electronics reflects the circum- 
stances described in the previous charts for semiconductors. Over a 
period of approximately five years, the nation has seen its trade 
position in electronics shift from one of an $8 billion surplus to one 
of an $8 billion deficit. Nearly $2.5 billion of this deficit can be 
attributed specifically to semiconductor chip trade with Japan. 
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FIGURE 44. 


A list of the leading United States exports to Japan raises concerns 
over the posture of the United States as a modern industrial 
competitor. Of the list shown, only computers and aircraft contain 
significant technological value-added. It may well be possible to 
build a viable economy based on service (and raw material) industries 
but It IS highly unlikely that it is possible to fight and win wars 
with a service economy. 
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FIGURE 45. 


Semiconductor technology leadership will soon reside abroad. 
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FIGURE 46. 


As the leading edge of manufacturing technology has moved abroad from 
the United States, so too has much of the technology which underpins 
that manufacturing capability. As has already been noted, manufactur- 
ing technology is the underpinning of the ability of the semiconductor 
industry to compete in the world market. In the U.S. economic struc- 
ture, manufacturing provides the revenues for firms to support 
research and development. Additionally, in the case of semiconduc- 
tors, much of the critical technology itself resides in the manufac- 
turing process. Perhaps the best indicator of the trend toward 
technological leadership by Japan is the number of papers presented 
each year describing key advancements in the state-of-the art of solid 
state circuitry. In 1985. for the first time, Japanese citizens 
surpassed U.S. citizens in terms of the number of papers selected for 
presentation at the premier forum for describing such advancements, 
the Institute of Electrical and Electronic Engineers' conference on 
solid state circuits. One important related area in which the U.S. is 
continuing to maintain a position of prominence is software. 
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FIGURE 47. 


For a number of years, Japan has been expending a greater portion of 
its semiconductor sales volume on research and development than has 
the United States. The impact of this long-term practice is today 
being exacerbated as the absolute size of Japanese semiconductor sales 
increases relative to those of American producers. Today, Japan is 
spending about 10 percent more on semiconductor research and develop- 
ment than the U.S. A recent National Research Council study concluded 
that of ten key technologies relating to microelectronics, Japan leads 
in seven. As will be addressed subsequently, the Japanese program 
tends to be more efficient than that of U.S. firms because of the 
elimination of duplicate generic research. 
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FIGURE 48. 


Although highly subjective and undoubtedly subject to debate in its 
particulars, one recent study conducted by the U-S. government's 
Interagency Horking Group on Semiconductor Technology reveals an 
unmistakable trend in terms of leadership relating to key semiconduc- 
tor technologies. 
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FIGURE 49. 


The adverse trend in R&D expenditures of the U.S. semiconductor- 
industry in comparison with those of Japanese counterparts is not 
Drincipally explainable in terms of neglect of R&D by the American 
industry — at least using conventional U.S. investment standards. 
The U S. semiconductor industry leads all other principal U.S. indus- 
tries in terms of its reinvestment in R&D. The problem is that this 
has simply been insufficient by worldwide standards. 


-59- 



FIGURE 50. 


Japan's focus on' technology and R&D is reflected in its rate of 
graduation of engineers which currently surpasses that of the United 
States on a per capita basis by a factor of two. In terms of 
Electrical Engineering graduates, Japan produces about 30% more than 
the U.S. in absolute terms. Science and Engineering enrollment in 
U.S. graduate schools is today about half non-U. S. citizens. 
Graduates of Japanese universities frequently seek positions in 
manufacturing-related disciplines — whereas in the U.S., manufactur- 
ing has often been viewed as a less attractive professional pursuit 
than such fields as finance, marketing, management, etc. The quality 
of U.S. engineering education continues, in general, to be excellent 
— particularly as it relates to innovation. 
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FIGURE 51. 


U.S. military forces will depend heavily on FOREIGN technological 
superiority to win (unless significant steps are taken soon to reverse 
the present trend) . 


-61- 


FIGURE 52. 


Although important examples can be found where U.S. military forces 
are today dependent upon electronic hardware built overseas by foreign 
producers, the extent of the former practice is considerably less than 
had been projected by many industrial experts. In retrospect, it 
appears that such a result should have- been expected inasmuch as most 
of the hardware incorporated in today's production and operational 
military systems had its design origin in the 1970's and early 1980's, 
at which time the U.S. still held a dominant position in semiconductor 
manufacturing. It would appear that in the 1990' s an opposite conclu- 
sion will result if steps are not now taken to reverse the trends 
observed herein. Even today there are important areas of dependency, 
including field effect transistors, ceramic packages (available from 
virtually a single producer in the world ~ a firm in Japan) and 
precision alignment manufacturing equipment. A National Academy of 
Engineering Study recently concluded that in the case of one missile 
system it would take over a year to replace foreign parts content (of 
all types) with domestically supplied hardware. To preclude the 
expansion of this circumstance, government program offices need to 
ascertain the origin of the components incorporated in their systems 
and assure the existence of viable domestic sources in time of 
emergency — or else maintain suitable stockpiles. . 
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Semiconductor PartTVpes Supplied --^'VT 
to USAF/SD Programs tyy R>r^n Manufortureis 


FOREIGN 
MANUFACrrURER IWrTYPE 


NUMBER OF UNIQUE 
FART SPECIFICATIONS 



TOTAL 93 


FIGURE 53. 


In one survey conducted by the Aerospace Corporation of ten Air Force 
systems produced by the Space Division, only about three percent of 
the semiconductor devices (as measured by parts specifications) were 
of foreign origin. Some of these, however, were critical to the 
operation of the systems in question, and the trend toward foreign 
content would appear to be growing. Further, most program offices do 
not keep records of dependency beyond the country-of-origin label on a 
finished device, even though dependency is at issue at every level 
(materials, tools, packaging, testing, etc.) of the semiconductor 
industry infrastructure. 
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FIGURE 54. 


A number of examples were found in a study conducted for the Task 
Force by the Institute for Defense Analyses of systems containing 
semiconductors available only from foreign-owned, foreign-located 
sources. Even many of the "so-called" domestic semiconductor devices 
incorporated in U.S. military systems can be traced to foreign 
countries in terms of the raw materials and processes involved in 
their manufacture — the latter including packaging and testing. A 
large share of integrated circuits are assembled and tested overseas. 
Ceramic packages are available almost exclusively from Japan — in 
this case from a single firm. One government sponsored study of 
Foreign Dependency identified 16 components of foreign source in one 
current air-to-air missile and concluded their denial would shut down 
production for up to 18 months. In addition, a growing segment of the 
semiconductor manufacturing capacity which resides in this country is 
being acquired by foreign firms through outright purchase. 
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FIGURE 55. 


Command, control, communications and intelligence systems are particu- 
larly dependent upon the availability of the most advanced semiconduc- 
tor devices. In the area of cryptography, for example, the ability to 
protect one's communications and to collect intelligence from others 
resides to a very great extent on the -possession of the most advanced 
generation of supercomputer. 
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FIGURE 56. 


Among the most advanced supercomputers produced in the United States 
are those manufactured by Cray Research, Inc- These machines are 
particularly important to many military command and intelligence func- 
tions. Today, 100 percent of the memory capacity of these machines is 
derived from Japanese manufactured semiconductors, and ten percent of 
the logic elements are of corresponding origin. As Japanese firms 
evolve from the role of merchant semiconductor manufacturers into 
computer/ tel ecommuni cati ons system bui 1 ders , it would not be an 
illogical strategic business policy to delav release of the most 
advanced chips to competitors in the systems market , including those 
residing in the United States. Even if foreign manufactured chips are 
to be available to U.S. manufacturers, it would appear likely that 
these chips will be a generation behind those which foreign semicon- 
ductor manufacturers elect to incorporate in their own system-level 
products. That is, today's foreign semiconductor suppliers to U.S. 
firms may become tomorrow's competitors to those same U.S. firms for 
system products. 
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FIGURE 57. 


The United States semiconductor industry is dependent upon several 
related "upstream" industries such as the producers of materials and 
the developers of the equipment needed to manufacture in high volume. 
These latter firms, generally referred to as "equipment" suppliers, to 
a considerable degree help determine the competitive state-of-the-art 
of U.S. semiconductor manufacturers. The U.S. equipment industry has 
itself been moving off-shore and today many, if not most, of the 
advanced production capabilities are acquirable only overseas. Delays 
in access to the most advanced equipment measured even in months can 
in essence pace the U.S.'s ability to introduce future generations of 
semiconductor devices and the systems they in turn support. Impor- 
tantly this dilemma confronts not only the U.S. merchant industry but 
the large captive firms as well, since it is very difficult for even 
this latter group to support an entire equipment industry and at the 
same time remain price competitive in the world market for their own 
oroducts. The semiconductor equipment industry in many respects 
provides the second-tier underpinning of the enormous world-wide 
information systems industry. 
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FIGURE 58. 


Although the Task Force initially focused on the availability of semi- 
conductor hardware to support defense needs, particularly during time 
of mobilization, it rapidly became evident that the principal concern 
was the fact that advanced semiconductor technology simply would not 
be available within the United States to support the development of 
leading edge defense systems. 
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FIGURE 59. 


ThP Task Force has identified at least a dozen not insignificant 
factors which have contributed to the decline of the U.S. semiconduc- 
tor industry Some of these factors were within the control of the 
industrv many were not. Correspondingly, there is no single act on 
whfch bv'itseK is likely to resolve the current predicament in which 
?l!e U.S finds itself with respect to assuring a domestic supply of 
advanced integrated circuits. 
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FIGURE 60. 


The current posture of the U.S. semiconductor industry can be traced 
to many origins. In the early years, wages for manufacturing workers 
in the United States were significantly greater than those for their 
counterparts in the Pacific rim. In order to remain competitive in 
the world market, U.S. manufacturers themselves moved facilities to 
Japan, Korea, Taiwan, Hong Kong and Malaysia in order to avail them- 
selves of the labor forces available in those areas. As wage rates 
have recently become more commensurate and the semiconductor industry 
has become increasingly automated, the impact of geographical wage 
differences has approached insignificance. 
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FIGURE 61. 


The concentration of nations such as Japan and Korea on productivity 
and quality throughout their entire industrial base began to take its 
toll on the U.S. semiconductor industry, along with other U.S. indus- 
tries, in the 1970's. The productivity challenge was particularly 
acute among semiconductor manufacturers due to the need to re-automate 
factories as new generations of products were introduced every few 
years. In general, the productivity record of the U.S. semiconductor 
producers far exceeded that of U.S. industry as a whole. Correspond- 
ingly, problems with quality among U.S. producers during the 1970's 
contributed to the current adverse situation and are still cited by 
Japanese buyers as a reason for not purchasing U.S. manufactured 
devices. 


FIGURE 62. 


During the 1980's, the high yen/dollar exchange rate which persisted 
for a number of years further undermined the ability of U.S. 
semiconductor producers to compete in the world market. Trends during 
the last few months have, however, greatly offset this factor as a 
contributor to further decline in U.S. semiconductor manufacturing. 
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FIGURE 63. 


The relatively high cost of capital to U.S. industrial firms as 
compared with their Japanese counterparts exacerbated the problem of 
funding research and development and equipment in the U.S. This 
asymmetry has origins deeply rooted in the economic structures of the 
two nations in such areas as disparity of savings practices and tax 
incentives. In the former instance, for example, the personal savings 
rate in Japan is about three times that of the U.S. (5% vs. more than 
15%). 
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FIGURE 64. 


Dumping" by foreign semiconductor producers is widely cited as a 
principal cause of the deteriorating viability of the U.S. semiconduc- 
tor manufacturing industry. Although evidence of such practices 
certainly appears to exist, this practice can be viewed as but one of 
a number of adverse factors and. in th.e view of this Task Force is 
probably not the predominant one. 
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In the opinion of the Task Force, the principal factor affecting the 
relative shift in strength of the U.S. and Japanese semiconductor 
industries is the fact that the Japanese established a strategic (long 
term) goal and effectively brought together all the resources needed 
from government, industry and academia, needed to pursue that goal. 
The U.S., at Us ovm discretion , elected not to pursue such an organ- 
ized focus and structure, and as a result is finding that it is unable 
to compete in the marketplace as it has been defined by the Japanese. 
Although this is viewed by some as evidence of impropriety on the part 
of Japan, it would appear more accurate to describe it in retrospect 
as a sound business decision and furthermore one which could poten- 
tially have been available to the United States should we as a nation 
have chosen to embrace it. The U.S. was, it should be recalled, once 
in a position to enforce virtually any semiconductor market strategy 
it chose, having invented the technology, controlled the leading-edge 
research, dominated the related education, held the largest world 
market share, and consumed the majority of the product. 
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FIGURE 66. 


The individual Japanese merchant semiconductor producers are generally 
larger than their U.S. counterpart firms. For example. NEC (Nippon 
Electric Cornpany) the highest volume producer of semiconductors in 
the world, is between one-fourth larger and a factor of five larger 
than Its major U.S. competitors. (Ihe largest of the U.S. producers 
in terms of overall corporate size has recently been sold - to a 
Japanese firm.) 
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FIGURE 67. 


As large as Japan's NEC would appear to be in comparison with many of 
its U.S. rivals in the semiconductor industry, it is seen to be only a 
small element of the Sumitomo Group, with which it is associated. 
This Group, one of a half-dozen of its type, provides virtually all 
ingredients needed to compete in virtually any market, centering on 
its own bank. By and large, Japanese semiconductor producers are 
members of such large industrial groupings. The importance of such a 
strategic structure is the ability to withstand and, in fact even 
exploit, transient reversals in the marketplace for a specific product 
such as semiconductors... relying on profits from other segments to 
buy time while capturing market position in the targeted industry. 
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FIGURE 68. 


The staying power of the large Japanese industrial entities is sug- 
gested by a comparison of the average return on assets of these firms 
with those of their U.S. counterparts during the era in which Japanese 
industry was making its major inroads on the word industrial market 
(the 1970's). It would seem unl ikely- that any U.S. firm could remain 
viable for a prolonged period producing a one to three percent return 
on assets — as has been the case for much of Japanese industry. 
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FIGURE 69. 


The failure of the U.S. semiconductor industry to take a long term 
perspective in terms of pursuing strategic goals has often been cited 
as one cause of the industry's decline and there appears to be merit 
in this argument. It is noteworthy in this regard, however, that the 
average U.S. semiconductor manufacturer turns over its entire equiva- 
lent ownership (total number of shares divided by annual number of 
shares exchanged) every six to nine months. A project having a 
five-year payout is in effect heavily discounted by investors because 
it will be of direct benefit to owners seven to ten "generations" in 
the future. Thus, there is little motivation, in fact little toler- 
ance, for management to seek truly long-term objectives. Rather, 
management finds itself under continued pressure to produce short-term 
results. This is in sharp contrast to the basic economic structure of 
Japanese industry. 
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FIGURE 70. 


When Japanese industrial and banking strengths are coupled with strong 
government backing in the form of subsidies (such as those listed in 
the above brochure of one Japanese semiconductor manufacturer), an 
extremely formidable competitor emerges. Although subsidies are often 
cited as a form of unfair competition — at least as viewed by many 
U.S. industrial firms — they are a fact of life in many world markets 
and are employed on occasion by the U.S. itself. For example, U.S. 
military support to the American semiconductor industry is often cited 
by Japan as a form of subsidy. The principal policy difference 
appears to be not in the existence of subsidies but rather in the fact 
that Japan has elected to focus its subsidies on emerging, leading 
edge industries; whereas the U.S. has to a considerable' degree elected 
to subsidize sunset industries. 
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FIGURE 71 . 


Because of the staying power which has been made Po^ible through the 
organizational structure and strategic focus of the Japanese 
semiconductor industry, reversals in the business cycle have had a 
markedly different impact on Japanese firms as compeared with their 
US counterparts. During each reversal, Japanese firms have sought 
to maintain market share, whereas their U.S. counterparts sought to 
maintain profitability (in order to assure survival and competitive- 
ness for the capital needed to pursue succeeding generations or 
oroducts). As the semiconductor industry emerged from each succeeding 
down-turn, more and more U.S. competitors were forced to drop out of 
the market altogether, whereas their Japanese counterparts tended to 
emerge with ever larger market shares upon which to base the next 
round of growth. 
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FIGURE 72. 


A pattern has been established for the semiconductor industry which 
seems to have a growing parallel to that which has already been ob- 
served in such U.S. industries as steel and automobiles. The semicon- 
ductor industry is in Ui own regard not a major element of the U.S. 
manufacturing base. The concern, aside from national defense, resides 
in the fact that semiconductors are the essence of the computer and 
telecommum cations industries which together form the basis for the 
information age. That is, the ability to dominate the semiconductor 
industry would appear to be a mere step along the strategic way for 
Japanese firms to dominate the world information market. This is 
perhaps the most ominous conclusion of the Task Force. 


FIGURE 73. 


The Task Force offers five principal recommendations, including one of 
predominant importance. In addition, it is observed with respect to 
assuring the availability of hardware in terms of mobilization that it 
will be necessary for Defense Department program offices to maintain 
records of hardware origin (with full traceabi 1 ity) and either 
stockpile parts or provide in advance for alternate domestic sources 
on a suitable time scale. 
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FIGURE 74. 


The principal and most crucial recommendation of the Task Force is 
that an Institute be established by a consortium of U.S. firms, some- 
what along the lines already practiced in Japan, to jointly advance 
the state-of-the-art in generic semiconductor manufacturing technol- 
ogy. An appropriate objective would be the development of the manu- 
facturing technology needed for the 64 megabit DRAM. The Institute 
would be staffed with a highly selective permanent staff augmented by 
key personnel from the participating organizations. The purpose of 
the latter would be to assist in the technology transfer process. 
Representatives of academia would have access to the facilities 
subject to approval by the Institute's Board of Governors and equip- 
ment manufacturers would be able to use it for prototyping new 
products. Such a consortium would be capitalized by its industrial 
members and the Department of Defense would provide continued annual 
contract support in the amount of about $200M per year in exchange for 
access to the technology generated and a portion of the product out- 
put. It may prove desirable for the Department of Defense to augment 
the above capitalization in order to provide a dedicated flexible 
manufacturing line purely for defense purposes. The cost of this 
latter facility would be approximately an additional $100 million. 


-84- 


Be^mnranctatioii' Ntoj;^?gtg|^ 

UNiVERSrrY RESEARCH 

• Rji» EiGKT UMVERsmr CEiiTH»'o|EXFm"i FtyyTrg?";:::^;^: 

(SSOM/YEAR TOTALS ■. - :V-V;;;'I'K;'--.'.t'-' C^-^^ '-V'^-'- 

• RADIATION HARDBONCr -^y 

• MANUFACTURIHG TECI«I0U>G1CS 

- •lvu:KAGmQTEmllCft»:^,v'':^t^iV'''-' -.y 

• HESTING TECHNOLOGnr 

• DESIGN TECHNOLOGY 

o aiANAGE THROUGH DARRA OR USmiE VHSiC OFFICE. 

• FOCUS ON MANUFACniRINMEEATED SCSNCE AND 
EDUCATION OF HIGHLY QUAUFIB) STUDENTS^ 


FIGURE 75- 


A relatively modest investment in Centers of Excellence at perhaps 
eight universities will have major payoff in terms of assuring the 
competitiveness of the United States in critical advanced semiconduc- 
tor technologies. 
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FIGURE 76. 
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FIGURE 77. 


The U.S. merchant semiconductor producers who seek to satisfy defense 
requirements have no direct access to funds such as Independent 
Research and Development which is life-sustaining to the technology 
produced by the Defense Department's prime contractors. The DoD 
should establish a mechanism to provide funds to the merchant semicon- 
ductor producers who supply defense needs in order to support 
discretionary research and development which is related to defense. 
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FIGURE 78. 


A group should be established by the Department of Defense to oversee 
J P o'/f r/"*f °^ the recommendations noted herein. In adSiti'on 
J^L, f " °^ ^'u'"'! ^""^ Technology Policy should establish a semil 
^ .^'f^^^^'^K^^''^-^^ ^ ^^^^-^ government, industry aid 

academia to exchange information to assure the competit veness of the 
U.S. semiconductor industry insofar as it affects both national 
defense and the overall health of the U.S. economy 
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FIGURE 79. 


In summary, if the established trend in the critically important semi- 
conductor manufacturing technologies is allowed to persist, it appears 
likely that in the 1990's U.S- military system designers will be faced 
with a choice from but two alternatives. The first of these alterna- 
tives is to buy foreign semiconductors and accept the implications of 
technological and materiel dependence attendant therewith. The second 
is to settle for "second best" semiconductor devices and the systems 
they support. In terms of implications for the overall U.S. economy, 
semiconductors truly are "the industrial rice" of the information age 
and, as the information industry becomes a growing element of the 
world economy, it would appear critically important for the U.S. to 
regain and maintain a strong competitive position in this field. 
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FIGURE A. 

Modern bomb/navigation systems permit precision location- of aircraft and 
jtJl P^^VT..^^ "^t^^ supporting flight at extremely low altitudes. 
These capabi ities have been achievable in substantial part through 
advancements in solid state electronic technology tnrougn 



FIGURE B. 
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FIGURE C. 


Modern tactical aircraft provide 
highly maneuvering aerial targets 
tronic eountermeasures environment 
flying threats. 


the capability to engage several 
simultaneously in a severe elec- 
and to do so even against very low 



FIGURE D. 
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FIGURE E. 

T'uJj':lV^^l\ ""^"V^^ airborne fire control radars developed 
or Navy ant -air warfare missions provide the capability to engage 

in a'n i'ntVnTJ'pw7'^'- 'l'''"^'' '''''' threat altt?2de 

na in an intense electronic warfare environment. 



FIGURE F. 
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FIGURE G. 

Anti-submarine forces have achieved major advancements during the past 
decade in such areas as search volume, detection probability and 
weapon placement accuracy. 



FIGURE H. 
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FIGURE I. 

Significant advances have been made in submarine operations in recent 
years with the advent of modern search and tracking systems, including 
information processing systems, as well as advanced torpedo technology. 
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WASHINGTON. DC 20301-3010 
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8 DEC 1S85 


MEMORANDUM FOR CHAIRMAN, DEFENSE SCIENCE BOARD 
SUBJECT: DSB Task Force on Semiconductor Dependency 

You are requested to organize a Defense Science Board Task Force to address 
the impact of possible dependency of the U.S. military on foreign sources for 
semiconductor devices. 

To an increasing extent, semiconductor devices are being employed in U.S. 
military systems of virtually all types. Applications include missiles, aircraft, 
spacecraft, command and control systems, fire control, etc. In the past, the U.S. has 
possessed a burgeoning domestic semiconductor industry to serve as a source of these 
critical components for military systems. Recent events in the semiconductor 
industry, however, caused n part by increasing foreign competition, appear to 
rilf ^wt viability of major se^ents of the U.S. industrial base in this 

area. Whether the domestic semiconductor industry can (and should) continue to be 
the principal supplier of such electronics to the Department of Defense and to its 
systems contractors is a matter of some importance as well as uncertainty. 

Accordingly, the Defense Science Board Task Force on Semiconductors is 
questions- assessment addressing, but not limited to, the following 

1. To what degree is U.S. military capability dependent upon the use of 

w^JonceraS? insofar as systems in production or previously deployed 


2. To what extent are domestic sources currently available to supply the 

systems? ^^ ^^^ incorporated in operational and production military 

projected trend for the availability in peacetime, mobilization, and 
wartime of a domestic supply of semiconductor devices for military 
applications? ^ 


Is It essential that domestic fabrication sources be available for semiconductor 
devices to be used in U S m itary systems? Must these sources be in operation 
during peacetime? Is stockpiling a practicable alternative? "Perauon 

What is the projected trend for the U.S. semiconductor industry with respect to 
ite ability to stay at tiie leading edge of Uie semiconductor device stote o?3S 

ofTi. ^""^ '"^PJ"^^^ '^^"^^^d to advance or stay abreast 

of the state of the art in semiconductor devices? «u*ctt»t 
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a mat if anv specific actions should be undertaken to assure an adequate 
supply of ^uWev^^^ and semiconductor technology for use in defense 
systems? 

Althoueh the semiconductor memory market is a principle area of intended 
focus the S should include whatever fcreadth within the semiconductor field that 
is deemed appropriate by the Task Force itself. 

Administrative AnProach 

The Semiconductor Dependency Task Force is sponsored by Deputy Under 
Secretary of Defense for Research and Engineering (Research and Advanced 
T^Jhnd^gy) Mr. Norman R. Augustine. Befense Science Board Member has agreed 
to Cha^SeTask Force, The Executive Secretary will be 1^ Egbert a 
And the DSB staff representative will be Colonel Donald W. Derrah, USA. It is 
requested that the study be initiated at tiie earliest possible time. In order to assure 
that input is received from organizations intimately involved in the day-to-day 
semiconductor production field, it is requested Uiat an industiial consultation group 
be established to augment Uie Task Force itself. It is considered Uiat the subject 
matter of this study does not involve "particular matters" within the meaning ol 
Section 208 of Titie 18, U.S. Code. 


^^^^ 



Donald A. Hicks 
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Facilities , (W. Howard), (DDR&E) , June 1992, Unclassified. (DTIC 
#ADA 274529) 

Report of the DSB Task Force on Ant i -Submarine Warfare . 

(E. Frieman) , (USD/A) , July 1992, Secret SAR. (Original Only) 

Report of the DSB Task Force on the National Aero-Space Plane 
(NASP) , (J. Shea), (DDDR&E/S&T) , November 1992, Unclassified. 
(DTIC #ADA 274530) 

Report of the DSB Task Force on Strategic Defense Initiative 
Countermeasures , (R. Everett), (SDIO), December 1992, Secret. 
(DTIC #ADC ) 
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1993 

Report of the DSB 1992 Summer Study on Simulation. Readiness and 
Prototyping . (J. Braddock and M. Thurman) , (DDR&E) , January 1993, 
Unclassified. (DTIC #ADA 266125) 

Report of the DSB Task Force on Aircraft Assessment . (J. Foster 
and A. Flax), (Dir, Tactical Systems, OUSD/A) , February 1993, 
Unclassified. (DTIC #ADA 274531) 

Report of the DSB Task Force on Low Observable Technology — 
Subgroup on Special Operations Forces . (P. Kaminski) , 
(ASD/SOLIC) , February 1993, Secret. (DTIC #ADC ) 

Report of the DSB 1992 Summer Study on Technical Military 
Capabilities for Future Contingencies , (R. Parker & D. Starry), 
(CJCS & USD/P & DDR&E), March 1993, Secret NOFORN. (DTIC 
#ADC ) 

Report of the DSB 1992 Summer Study on Engineering in the 
Manufacturing Process . (H. Bowen and R. Longuemare) , (DDR&E and 
ASD/P&L), March 1993, Unclassified. (DTIC #ADA 266366) 

Report of the DSB Task Force on Lessons Learned During Operations 
Desert Shield and Desert Storm . (C. Fowler and V. Lynn), (DDR&E), 
March 1993, Secret. (DTIC #ADC _) 

Report of the DSB Task Force on Defense Nuclear Agency . 

(J. Cornwall), (Dir, S&SS, OUSD/A), April 1993, Unclassified. 
(DTIC #ADA 274638) 

Report of the DSB Task Force on FY 1994-99 Future Years Defense 

Plan, (P. Odeen), (OASD/PA&E) , May 1993, Unclassified. (DTIC 
#ADA 274507) 

Report of the DSB Task Force on FY 1994-99 Future Years Defense 
Plan. Part II . (P. Odeen), (OASD/PA&E), May 1993, Unclassified. 
(DTIC #ADA 274598) 

Report of the DSB Task Force on Defense Acguisition Reform. 

Phase I . (R. Hermann), (OUSD/A and Dir, AP&PI), July 1993, 
Unclassified. (DTIC #ADA 268734) 

Memo Report of the DSB Task Force on Tactical Aircraft Bottom Up 
Review . (P. Kaminski), (USD/A) , July 1993, Unclassified. (DTIC 
#ADA 274506) 

Report of the DSB 1993 Summer Study Task Force on Defense 
Mamufacturing Enterprise Strategy . (E. Biggers and G. England), 
(USD/A), September 1993, Unclassified. (DTIC #ADA 275233) 

Report of the DSB Task Force on C-17 Review . (R. Fuhrman and 
J. Fain), (USD/A), December 1993, Unclassified. (DTIC 
#ADA 275120) 
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1993 Continued 

Report of the DSB 1993 Summer Study Task Force on Tactical Air 
Warfare ^ (J. Foster and A. Flax) ^ (Dir, Tactical Systems), 
November 1993, Unclassified. (DTIC #ADA 275347) 

Report of the DSB 1993 Summer Study Task Force on Global 
Surveillance ^ (R. Hermann and V. Lynn), (DDR&E and ASD/C3I and 
NRO) , December 1993, Secret. 
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